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General Introduction 
 
In this globalization’s time, many people now change their habitats. So human need to 
adapt to the different climate. For investigating “Harmony within Nature,” it is 
important to understand thermoregulatory adaptation in humans. Thermoregulation is 
the ability of an organism to keep its body temperature within certain boundaries, even 
when the surrounding temperature is very different. Temperature regulation of the 
human body is affected in different ways by climate environments such as air 
temperature, humidity, air velocity and so on. Thermal sensation is a fundamental 
variable used to determine thermal comfort, and thermal comfort is a major determinant 
driving behavioral thermoregulation. Thermal comfort affects the state of mind, which 
expresses satisfaction with the thermal environment. Thermal sensation and comfort 
level are not the same in all climate area’s people; their perceptions and linguistic 
expressions also vary from culture to culture. Our world has different climate zone such 
as tropical, temperate, polar zone and so on. People in different areas may have different 
thermal sensations or preferences even under the same climatic conditions [Lin et al 
2008, Yuming G et al 2012]. Ethnicity determines the people’s heat/cold tolerance 
power. People from tropical (Bangladesh) areas and people from temperate (Japan) 
areas do not have the same heat/cold tolerance ability. Ethnicities are determined by 
self-classification, and there are some significant differences between ethnic groups 
[Maley MJ et al 2014]. Tropical area’s people have superior abilities in tolerating heat 
stress [Wijayanto T et al 2011]. Other sides the polar area’s natives have superior 
abilities in tolerating cold stress [Purkayastha SS et al 1992]. 
 
Human environmental adaptability is influenced by a variety of factors; thermal comfort 
depends on combinations of external (environmental: air temperature, global 
temperature, relative humidity, air velocity) and internal (personal: metabolic rate and 
clothing) parameters. The human mind as a multi-leveled process is dependent on the 
interaction between the mind, body, environment and culture. Humans need to adapt to 
the impacts of climate change. Humans are already adapting to climate change, and 
further adaptation efforts will be necessary during coming decades. Human 
thermoregulation system is important to consider about this. Many people are daily face 
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the challenge to maintain their body core temperature at about 37°C when exposed to 
cold. Human can survivor in the most inhospitable of places and can challenge their 
thermoregulatory capacity in the most extreme ways [Etain A. 2014]. Human is a 
tropical mammal, which for rarely exposed to cold, uses different means to protect own-
self against cold environment (shelter, clothing and fire) but for repeated or chronic cold 
exposures modify the thermo physiological cold reactions leading to a cold adaptation. 
Both cold and hot effects occur immediately but cold effects last longer than hot effects 
[Schlader ZJ et al 2011]. Physiological and linguistic heat acclimatization is not the 
same. 
 
To adapt to the impacts of climate change for a comfortable human life, it is important 
to consider human thermoregulation. It’s important to know the effect of climate change 
on thermal sensation and thermal comfort. Cold environments represent a challenge to 
the human heat balance and require more protective measures in order to ensure thermal 
comfort. Adaptation refers to the ability of a system to adjust to climate change in order 
to reduce its vulnerability and enhance the adaptive capacity to climate change. 
Acclimatization means the adaptive changes that occur within an organism in response 
to change in the natural climate. Adaptations to cold may reduce the occurrence of 
accidents and improve human performance as surviving in the cold. Proper adjustments 
of the thermoregulatory mechanisms of animals definitely increase the capacity to 
survive the climate changes in their natural environment [Grodzinski W 1975, 
Lovegrove BG 2005]. The temperate people can improve their cold tolerance through 
thermal lifestyle. People who acclimatized to cold feel less cold, pain and discomfort in 
cold when compared to the un-acclimatized people [Joonhee Park and Joo-Young Lee. 
2015]. 
 
Humans are currently facing the social, physiological and economic effects of global 
warming. Temperature regulation of the human body is affected in different ways by 
climate environments. In this study two different categories climate country was 
selected. We selected Bangladesh for tropical climate and Japan for temperate climate. 
Bangladesh is one of the most densely populated countries in the world, the population 
density of Bangladesh is 1252 p/km2 and coastal regions of Bangladesh are vulnerable 
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affected by climate change. As there are many local people now living in abroad. Till 
now, little research has been conducted on this topic in Bangladeshi indigenes. 
Bangladesh has a tropical monsoon climate with a mild winter and hot, humid summer. 
The annual temperature of Dhaka (one of the city of Bangladesh) is 26.1°C and relative 
humidity is 65.8%. Nagasaki (one of the city of Japan) is located in a temperate zone 




In present research methods are questionnaire survey and experiments.  
• Compared the cold tolerance ability of Bangladeshi (tropical) and Japanese 
(temperate) people to local cold exposure on cold-induced vasodilation.  
• Questionnaire survey investigated the linguistic differences between 
Bangladeshi and Japanese respondents and   





In this study all experimental protocols and survey were approved by the Ethics 
Committee of the Faculty of Environmental Science, Nagasaki University of Japan.  
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Abstract  
 
Background: The human thermoregulation system responds to changes in environmental 
temperature, so humans can self-adapt to a wide range of climates. People from tropical and 
temperate areas have different cold tolerance ability. This study compared the cold tolerance 
ability of Bangladeshi (tropical) and Japanese (temperate) people to local cold exposure on 
cold-induced vasodilation (CIVD).  
 
Methods: Eight Bangladeshi males (now residing in Japan) and 14 Japanese males (residing 
in Japan) participated in this study. All are sedentary, regular university students. The 
Bangladeshi subject’s duration of stay in Japan was 2.50 ± 2.52 years. The subject’s left hand 
middle finger was immersed in 5°C water for 20 min to assess their CIVD response (the 
experiment was conducted in an artificial climate chamber controlled at 25°C with 50% RH).  
 
Results: Compared with the Bangladeshi (BD) group, the Japanese (JP) group displayed 
some differences. There were significant differences between the BD and JP groups in 
temperature before immersion (TBI), which were 33.04 ± 1.98 and 34.62 ± 0.94 °C, and time 
of temperature rise (TTR) of immersed finger, which were 5.35 ± 0.82 and 3.72 ± 0.68 min, 
respectively. There was also a significant difference in the time of sensation rise (TSR) of 
8.69 ± 6.49 and 3.26 ± 0.97 min between the BD and JP groups, respectively (P < 0.05). 
Moreover, the JP group showed a quick TTR after finishing immersion.  
 
Conclusions: The Japanese group (temperate) has a higher cold tolerance to local cold 
exposure than the Bangladeshi group (tropical) evaluated by the CIVD test.  
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Introduction 
Cold acclimation is the process leading to the development of cold tolerance. Adaptation to 
cold environments played an important role in the survival of Homo sapiens during the last 
ice age and variations with respect to cold adaptation are reflected in human phenotypes today 
[1]. When humans are exposed to cold environments, vasoconstriction occurs to regulate heat 
loss; however, the degree to which the thermal environment can be adjusted by 
vasoconstriction is small and thermogenesis is required to maintain optimal body temperature. 
During cold exposure, the body attempts to maintain a constant internal body temperature by 
increasing heat production and minimizing heat loss, both of which are mediated by 
activation of the sympathetic nervous system [2].  
Cold-induced vasodilation (CIVD) can be defined as vasodilation of cold-exposed blood 
vessels, in particular the small arteries. It is an acute increase in peripheral blood flow 
observed during cold exposure whereby the blood vessel diameter increases due to local cold. 
This counterintuitive acute increase in local cutaneous blood flow develops during cold 
exposure resulting in increased local tissue temperature, which may protect the region from 
cold injury [3]. Generally, CIVD is observed by increased blood flow or on skin surface 
temperature. Age, gender, altitude, diet, alcohol consumption, and mental stress are individual 
factors that affect CIVD responses [4].  
Research has been conducted to determine why CIVD occurs in tropical natives. Tropical 
indigenes have less active responses of arteriovenous anastomoses in the fingers and weaker 
vasoconstrictions after the first CIVD response during finger cold immersion [5]. Ethnicity is 
a risk factor for cold injury [6]; the tropical indigenes (African) are more vulnerable to non-
freezing cold injury compared with Caucasian individuals [7]. In Lee’s study [5] subjects 
were from different tropical countries but not from Bangladesh. Each country differed in 
climate temperature.  
Bangladesh has a tropical monsoon climate with a mild winter and hot, humid summer. The 
annual temperature is 25.4°C [8] and relative humidity is 78.4% [9]. Nagasaki (Japan) is 
located in a temperate zone with an annual temperature of 16.7°C and humidity of 72.5% 
[10]. In this present study, we investigated differences in the tolerance of local cold exposure 
between Bangladeshi and Japanese people on CIVD responses during finger immersion in 
cold water.  




Cold adaptation can evaluate by different kind of experiments. Cold-induced vasodilation 
(CIVD) method one of them. CIVD reaction is regarded as one of the indexes for local cold 
tolerance. 
 
Human is a tropical mammal, which for rarely exposed to cold, uses different means to 
protect own-self/ oneself against cold environment (shelter, clothing and fire) but for repeated 
or chronic cold exposures modify the thermo physiological cold reactions leading to a cold 
adaptation. Cold adaptation induces less discomfort, enhanced dexterity, prevents general and 
local cold illnesses and injuries and improves surviving in a cold environment [11]. 
Adaptation refers to the ability of a system to adjust to climate change in order to reduce its 
vulnerability and enhance the adaptive capacity to climate change. Acclimatization means the 
adaptive changes that occur within an organism in response to change in the natural climate. 
Adaptations to cold may reduce the occurrence of accidents and improve human performance 
as surviving in the cold. Migration is a seasonal movement from one region to another and a 
dynamic process in human society. It’s one of the varieties of ways by which human 
populations adapt to environmental changes. Proper adjustments of the thermoregulatory 
mechanisms of animals definitely increase the capacity to survive the climate changes in their 
natural environment [12, 13]. Cold-induced vasodilation (CIVD) response differences 
between ethnic groups are obvious, with black people having the weakest response. CIVD 
reaction is more pronounced for people born in cold areas and for people that have exposed 
their hand to cold for a prolonged period of time [4]. In temperate natives who reside in 
tropical countries for prolonged periods, readjustments are created in thermoregulatory 
system [14].  
 
Cold-induced vasodilation (CIVD), which occurs generally in fingers and toes exposed to 
extreme cold (>5°C), is a defensive reaction for protecting the extremities against frostbite 
[15]. CIVD reaction is regarded as one of the indexes for local cold tolerance. Lewis (1930) 
found that the temperature of the skin of the fingers during continued immersion in ice-cold 
water fell rapidly for the first few minutes and there after spontaneous rewarming took place. 
The decrease in skin temperature is due to a conductive loss of heat from the immersed tissue, 
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as well as a decrease in delivery of heat due to vasoconstriction and the decreased blood flow 
occurring in human and other homo-thermos exposed to cold. After 5-10 min, vasodilatation 
of variable duration and magnitude occurs, accompanied by an increase in skin surface 
temperature. After the start of local cold exposure of the extremities CIVD occurs. This 
phenomenon is believed to reduce the risk of local cold injuries [4]. A cyclic pattern of 
constriction and dilation generally occurs, which continues as long as the cold stimulus is 
continuously applied. CIVD is the eventually of a homoeothermic thermoregulatory function 
based on the suppression and activation of the sympathetic vasoconstrictor system [16]. CIVD 
has been reported at several locations in the human body like face [17], feet [18], finger (most 
commonly used measure for CIVD), toes, ear, chin, tip of the nose [19], buttocks, perianal 
region, neck, patella and chest are exposed to cold. The most pronounced CIVDs are seen in 
cutaneous regions rich in arteriovenous anastomoses, such as the fingers. The level of cold 
acclimatization is reflected in peripheral vascular responses [20], though the reaction varies 
considerably among individuals [21]. Some individual factors that are affect CIVD responses, 
such as: age, gender, altitude, diet, alcohol consumption, and mental stress [4]. There are 
various predisposing factors for cold injuries, there include: high altitude [22], age (>62 
years) [23, 24], gender (females) [25], nicotine [26, 27] and caffeine consumption [28]. So 
CIVD is centrally originating phenomenon caused by sympathetic vasoconstrictor 
withdrawal; it is dependent on body heat content and it may be triggered by excess heat the 
purpose of preserving thermal balance [29]. 
 
We selected Bangladesh for this study because it’s one of the most densely populated 
countries in the world, the population density in Bangladesh is 1252 p/km2 [30] and coastal 
regions of Bangladesh are vulnerable affected by climate change. As there are many local 
people living outside of Bangladesh, it is important to know such people’s local cold 
tolerance ability.  Till now to date, little research has been conducted on this topic in 
Bangladeshi indigenes. Bangladesh has a tropical monsoon climate with a mild winter and 
hot, humid summer.   
 
Subjects  
Eight Bangladeshi and 14 Japanese sedentary male students (22 in total) participated in this 
study. They were verbally informed of the aims, risks, and benefits of this investigation, and 
written informed consent was obtained from all subjects before the start of the experiments. 
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Before the experiment, the physical conditions (age, height, weight, BMI etc.) of all subjects 
were measured. The Ethics Committee of the Faculty of Environmental Sciences, Nagasaki 
University approved this study. The eight Bangladeshi male subjects (age, 29.37 ± 3.02 years; 
height, 169.92 ± 3.42 cm; weight, 69.87±11.22 kg; %body fat, 28.85± 7.91 %; BMI, 24.17 ± 
4.19), who were born and raised in a tropical country (Bangladesh) and now resident in a 
temperate area (Nagasaki, Japan), and the 14 Japanese male subjects (age, 21.57±0.93 years; 
height, 172.7± 5.78 cm; weight, 59.21 ± 5.23 kg; body fat, 16.7 ± 3.93 %; BMI, 19.89 ± 1.98) 
were born, raised, and live in a temperate country (Japan). Subjects in both groups were all 
students of the same university with an almost identical lifestyle. The diet of the tropical 
subjects was somewhat different to that of the temperate subjects. As Muslims, the tropical 
subjects never drink alcohol or eat pork. After coming to Japan, their lifestyle did not change 
much. The duration of stay in Japan of all Bangladeshi subjects was not the same. Their 
duration of stay in the temperate area were 2.50± 2.52 years. Table 1 shows the physical 
characteristics of all subjects of the Bangladeshi (BD) and Japanese (JP) groups.  
 
Table 1. Physical characteristics of Bangladeshi (BD) and Japanese (JP) groups. 
Group  Height (cm) Age (yr.) Weight (kg) Body-fat (%) BMI 
BD Mean 169.92 29.37* 69.87* 28.82* 24.17* 
 SD 3.42 3.02 11.22 7.91 4.19 
JP Mean 172.7 21.57 59.21 16.70 19.89 
 SD 5.23 0.93 5.23 3.93 1.98 
The Bangladeshi group had eight subjects and the Japanese group had fourteen subjects. There were 
significant differences in age, weight, body fat and BMI (body mass index) between the two groups, 
*P < 0.05. All data are shown as mean ± S.D. 
 
Experimental procedures  
Many different immersion protocols have been utilized in CIVD studies, and an appropriate 
protocol to test the trainability of CIVD must balance the need for sufficient stimulus with 
subject tolerance and practicality [31]. The experiment protocol was as follows: subjects 
rested on a chair in an artificial climate chamber for 10 min; after resting, they immersed their 
finger (left hand middle finger) in 5°C water for 20 min. After cold immersion, the finger was 
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removed from the water tank and subjects rested for recovery 10 minuets long. The 
temperature of the artificial climate chamber was controlled at 25°C with 50% relative 
humidity. If any subject felt pain or intolerance in their finger, they were able to withdraw 
from the experiment at any time. Alcohol intake and exercise were prohibited at least 24 h 
before the experiment. All experiments were conducted in September 2014.  
 
Measurements/ Calculations 
During the experiments (left hand middle finger immersion), the following CIVD data were 
collected from immersed finger: temperature before water immersion (TBI); temperature at 
first rise (TFR); highest temperature of 5–20 min after the start of immersion (HT); lowest 
temperature of 5–20 min after the start of immersion (LT); amplitude of temperature (AT), it 
is the difference between the LT and HT; time of temperature rise (TTR); mean skin 
temperature of 5–20 min after the start of immersion (MST); coefficient of variation of the 
temperature (CVT); and resistance index (RI). Figure 1 shows the sample data from that 40 
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Fig. 2 Sample Thermal sensation data of finger during experiment. 
The following thermal sensation data were also collected during the experiment time: 
sensation before water immersion (SBI); sensation at first rise after the start of immersion 
(SFR); time of sensation rise (TSR); highest sensation of 5–20 min after the start of 
immersion (HS); lowest sensation of 5–20 min after the start of immersion (LS); mean skin 
sensation of 5–20 min after the start of immersion (MSS); amplitude of sensation (AS), the 
difference between the LS and HS; and the coefficient of variation of the sensation (CVS). 
Figure 2 shows the sample thermal sensation data from that 40 min experiment. The black 
solid line indicates the subject’s finger thermal sensations.  
Instrumentation 
Finger skin temperature was measured continuously using a thermistor sensor (PXK67, 
TECHNO SEVEN). The thermistor sensor on the left hand middle finger was attached just 
lateral of the nail bed. The skin temperature was sampled every 5 seconds, the thermal 
sensation was recorded every 2 seconds, using the thermal sensation measurement software 
“takumiBG©” (esPRODUCTS). The thermal sensation scale was divided into eight stages 
from 0.0 (extremely cold) to 8.0 (extremely hot). Subjects recorded the thermal sensation by 
operating a mouse with their right hand (not immersed hand).  
Data/Statistical analysis  
 
All subject’s data were calculated and statistically presented as the mean ± standard deviation. 
An independent-sample t test was used to compare between the Bangladeshi and Japanese 
groups. Statistical analysis was performed using SPSS© software (version 21 for Mac). P < 
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Results  
Figure 3 shows the comparison of average finger skin temperature of the two groups. The 
dotted line indicates the BD group’s average finger skin temperature, and the solid line 
indicates the JP group’s average finger skin temperature. The experiment was conducted for 
40 min: the first 10 min were rest, followed by 20 min of finger immersion, and the last 10 
min were the rest and recovery stage of the experiment. After the start of finger immersion, 
the finger skin temperature decreased rapidly. Table 2 shows the CIVD index of the two 
groups. TBI (33.04 ± 1.98 and 34.62 ± 0.94 °C of BD and JP groups, respectively) and TTR 
(5.35 ± 0.82 and 3.72 ± 0.68 min of BD and JP groups, respectively) had significant 
differences between two groups (P < 0.05). The summer season had more pronounced CIVD 
than any other time [4]. The CIVD wave numbers observed during the immersion period were 
2.43 ± 0.67 and 2.78 ± 0.84 in the BD and JP groups, respectively. There were no significant 




Fig. 3 Average finger skin temperature of the Bangladeshi (BD) and Japanese (JP) groups. There were 
significant differences in temperature before water immersion (TBI) and time of temperature rise 
(TTR). The BD and JP group’s TBI was 33.04 ± 1.98 and 34.62 ± 0.94 °C; TTR was 5.35 ± 0.82 and 
























Finger immersion (10-30 min.) at 5°C water 
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Table 2: CIVD index of Bangladeshi (BD) and Japanese (JP) groups. 
Group  TBI (°C) TFR (°C) TTR (min.) MST (°C)  HT (°C) LT (°C) AT (°C) CVT (%) RI 
BD Mean 33.04 8.06 5.35* 11.38 14.66     7.12 7.34 17.11 11.87 
 SD 1.98 3.67 0.82 2.96 3.87     1.77 2.75 5.92 1.72 
JP Mean 34.62* 7.51 3.72 11.43 13.97     8.04 5.93 14.43 11.14 
 SD 0.94 1.67 0.68 1.98 2.74     1.70 2.44  5.65 1.35 



























































































(Duration of stay 0.8 yr.) 
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(Duration of stay 0.0 yr.) 
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Sub. 5  








































(Duration of stay 3.0 yr.) 
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(Duration of stay 8.0 yr.) 
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Individual subject’s figure (Japanese subjects): 
 
 
























































































temperature blood flow 
	   27	  
 



























































































temperature blood flow 
	   28	  
 
























































































temperature blood flow 
	   29	  
 





















































































temperature blood flow 
	   30	  
 

















































































temperature blood flow 


















































































temperature blood flow 
	   32	  
 


























































































temperature blood flow 




Fig. 26 Average finger thermal sensation of the Bangladeshi (BD) and Japanese (JP) groups. There 
was a significant difference in TSR between the two groups. The BD and JP group’s time of sensation 
rise (TSR) was 8.69 ± 6.49 and 3.26 ± 0.97 min, respectively 
 
Table 3: Thermal sensation index of Bangladeshi (BD) and Japanese (JP) groups. 
Group  SBI (°C) SFR (°C) TSR (min.) MSS (°C)  HS (°C) LS (°C) AS (°C) CVS (%) 
BD Mean 4.00 1.15 8.69* 2.40 3.88     0.81 3.07 35.55 
 SD 0.00 0.67 6.49 0.75 1.34     0.84 1.32 7.19 
JP Mean 4.03 0.96 3.26 2.64 3.94     0.99 2.95 35.56 
 SD 0.11 0.62 0.97 0.63 0.71     0.94 1.20 17.14 
• Significant different between two groups was TSR, P < 0.05. 
 
 
Figure 26 shows a comparison of the average finger skin thermal sensation of the two groups. 
The dotted line indicates the Bangladeshi group’s average skin finger thermal sensation, and 
the solid line indicates the Japanese group’s average skin finger thermal sensation. Similar to 
the finger skin temperature, the same change occurred in the finger skin thermal sensation 
case. Table 3 shows the thermal sensation index of the two groups. There was a significant 
difference only in TSR between the two groups. The BD group’s TSR was 8.69 ± 6.49 min, 


























Finger immersion (10-30 min) 
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Fig. 27 Average finger blood flow of the Bangladeshi (BD) and Japanese (JP) groups 
 
Blood flow of Bangladeshi group and Japanese group are different. The mean blood flow of 
two groups is shown in Fig. 27. Japanese group blood flow is faster than Bangladeshi group. 
Mean blood flow at first 10 minutes of group-A and B were 0.23±0.13 and 0.08±0.007V 
respectively. Then mean blood flow of two groups after cold immersion (10-30) was 
0.32±0.32 and 0.14±0.05V respectively. 
 
Discussion  
Humans have special heat and cold tolerance ability depending on their climate areas. Polar 
residents have superior CIVD response compared with tropical natives [32]. Tropical natives 
have superior tolerance to heat stress [33]. While heat acclimatization reflects the 
development of heat tolerance, it may weaken cold tolerance [5]. People from tropical 
(Bangladesh) areas and people from temperate (Japan) areas do not have the same heat/cold 
tolerance. Ethnicity was determined by self- classification, and there are some significant 
differences between ethnic groups [6]. The CIVD responses of tropical indigenes have 
received relatively little attention. It is generally accepted that humans have a tropical or sub- 
tropical origin [34], which posits that the temperature regulation of the human body is 
essentially adapted to subtropical, rather than colder climates. Cold adaptation could be 
reflected in the degree of attenuation of initial vasoconstriction in cold immersion fingers 
[35]. Due to the subtropical adaptation of the human body, it is reasonable to assume that the 
vasomotor activity of tropical indigenes to cold stimuli would not be developed sufficiently to 
protect from severe cold and remain fully functional. Tropical indigenes were less able to 
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than temperate indigenes [36]. Finger CIVD responses were greater when body temperature 
was increased [37, 38] and dulled by decreases in body temperature [39, 40] and finally 
ceased when the temperature fell below baseline [41]. Tropical indigenes could be more 
vulnerable to cold injury of the peripheries in severe cold [5].  
In the CIVD index, there were significant differences in TBI and TTR between the 
Bangladeshi and Japanese groups (P < 0.05). The JP group’s TBI was higher but the hunting 
reaction was influenced by core temperature, rather than skin temperature [3]. The results of 
Lee’s study [5] showed that minimum temperature (Tmin), maximum temperature (Tmax), 
and mean temperature (Tmean) were significantly different between the tropical and 
temperate groups during cold-water immersion. This same parameter in the present study 
showed that there were no significant differences in LT, HT, and MST between the groups. 
The JP group’s TTR was faster than that of the BD group. TTR (onset time) was significantly 
different between the groups (5.35±0.82 and 3.72 ± 0.68 min). In the thermal sensation index, 
there was a significant difference in TSR between the groups (P<0.05). The onset time 
(tonset) of the temperate group was double the length of that of the tropical group (8.6 ± 7.1 
and 4.4 ± 1.8 min; P = 0.066) [5]. TTR (tonset) and TSR are important indices for evaluating 
local cold tolerance during cold-water immersion. The physical characteristics of subjects in 
the present study were significantly different in some aspects but in Lee’s study [5], there was 
no significant difference except for age. The BD group’s %body fat was significantly higher; 
so LT, HT, and MST were not significantly lower than those in the JP group. Generally, any 
person with high body fat has high cold tolerance because body fat works as a protective layer 
against cold temperature. The human body is essentially adapted to a tropical rather than a 
colder climate. The tropical indigence vasomotor activity to cold stimuli would not be 
sufficiently developed to protect from severe cold and remain fully functional [5]; the CIVD 
reaction is more pronounced for people born in cold areas [4]. Although the present study 
only measured the finger cold exposure tolerance not total body cold exposure, %body fat had 
no effect on this local cold exposure. As Bangladesh is a tropical (mainly summer) country, 
the Bangladeshis had lower local cold tolerance than the Japanese (temperate natives). The 
present results of the duration of stay, displaying no relation to the CIVD parameters for the 
tropical indigenes (Bangladeshi), appear to support the previous findings [5].  
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Conclusions  
The Japanese group (temperate) had higher tolerance to local cold exposure than the 
Bangladeshi group (tropical) evaluated by the CIVD test. After immersion, finger temperature 
recovery in the JP group was quicker than that in the BD group. Although Japanese subjects 
had low body fat, their local cold tolerance was higher than that of the Bangladeshi subjects, 
%body fat had no effect on this local cold exposure. As the Japanese subjects grew up in 
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Abstract 
 
Background: To adapt to the impact of climate change for a comfortable human life, it is 
important to consider human thermoregulation. Thermal sensation is a fundamental variable 
used to determine thermal comfort and it is most frequently evaluated in association with 
subjective thermal responses in the field of environmental physiology. However, there has 
been little interest in the relationship between the semantics of the words describing thermal 
sensation and the climatic background. The present study investigates the linguistic 
differences between Bangladeshi and Japanese natives and the seasonal differences in terms 
of thermal sensation and the comfort of Japanese respondents. 
 
Methods: A total of 1141 university students (932 in Bangladesh and 209 in Japan) 
responded to a questionnaire survey consisting of 22 questions.  
 
Results: For the Bangladeshi respondents, the closest feeling of thermal comfort was 
‘neutral’ (66.6%) followed by ‘slightly cool’ (10.2%), ‘slightly cold’ (6.0%) ‘slightly hot’ 
(4.1%) and ‘cold’ (3.8%). For the Japanese respondents, the closest feeling of thermal 
comfort was ‘cool’ (38.3%) followed by ‘slightly cool’ (20.4%), ‘neutral’ (14.6%), ‘slightly 
warm’ (13.1%) and ‘warm’ (10.7%). Of the Bangladeshi respondents, 37.7% reported that 
they were sensitive in cold weather and 18.1% reported that they were sensitive in hot 
weather. Of the Japanese respondents, 20.6% reported that they were sensitive in cold weather 
and 29.2% reported that they were sensitive in hot weather. 51.4% of the Bangladeshi 
respondents chose ‘higher than 29°C’ as hot weather and 38.7% of the Japanese respondents 
chose ‘higher than 32°C’ as hot weather. In the case of cold weather, 43.1% of the 
Bangladeshi respondents selected ‘lower than 15°C’ as cold weather and 53.4% of the 
Japanese respondents selected ‘lower than 10°C’ as cold weather.  
 
Conclusions: For different cultural dimension of two countries peoples expression are 
different. Most of the Bangladeshi respondents chose ‘neutral’ temperature and most of the 
Japanese respondents chose ‘cool’ for the most comfortable weather. Most of the Bangladeshi 
respondents reported that they were sensitive in ‘cold temperature’ but most of the Japanese 
respondents reported that they were sensitive in ‘hot temperature.’ 
 
Keywords: Thermal sensation, Thermal comfort, Linguistic expression, Ethnicity 
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Background 
 
Thermal sensation is a fundamental variable used to determine thermal comfort, and thermal 
comfort is a major determinant driving behavioral thermoregulation. Thermal comfort affects 
the state of mind, which expresses satisfaction with the thermal environment. Thermal 
sensation is perceived through the brain and is universal for humans irrespective of 
nationality, while perceived thermal sensation expressed by language is not universal and 
varies significantly between individuals and across cultures [1]. Thermal sensation and 
comfort level are not the same in all climatic areas; people’s perceptions and linguistic 
expressions also vary from culture to culture. 
Few studies have been conducted to identify thermal sensation and comfort by questionnaire 
survey. Tochihara’s study [2] explores the evidence of heat acclimatization in the words that 
Indonesian and Japanese natives use to express thermal sensation [2]. Lee’s study examines 
the linguistic dimensions of the expressions ‘warm’ and ‘slightly hot’ in Korean natives [3]. 
Another of Lee’s studies discusses particular linguistic elements within thermal sensation 
descriptors in Japanese and Koreans compared to the ISO scale in English [1].  
Human environmental adaptability is influenced by a variety of factors [4]; thermal comfort 
depends on combinations of external (environmental: air temperature, relative humidity, air 
velocity) and internal (personal: metabolic rate and clothing) parameters. People in different 
areas may have different thermal sensations or preferences even under the same climatic 
conditions [5, 6]. Exposure to both hot and cold temperatures is related to increased mortality. 
Both cold and hot effects occur immediately but cold effects last longer than hot effects [7]. 
Physiological and linguistic heat acclimatization is not the same. Physiological heat 
acclimatization exists as a causality entity within the human body, whereas linguistic heat 
acclimatization is projected onto the human mind as a preference within words. The linguistic 
elements in heat acclimatization are preserved in one’s own language through inter-subjective 
communication [2]. The human mind as a multi-leveled process is dependent on the 
interactions between the mind, body, environment and culture. Different linguistic dimensions 
may cause a bias in interpreting the relationship between thermal sensation and environmental 
temperatures [1]. So generalizing and comparing ethnic expressions of thermal sensation and 
comfort level is complex. Subjective perceptions such as thermal sensation and discomfort are 
capable behavioral controllers. Most people subjectively understand their own heat or cold 
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tolerance, which is related to behavioral adjustment, physiological/ psychological 
acclimatization, and habituation [8].  
In this study, two different climate regions were chosen for comparison of linguistic thermal 
sensation and comfort: Japan as a temperate country and Bangladesh as a tropical country. 
We selected Bangladesh because it is one of the most densely populated countries in the 
world, and coastal regions of Bangladesh are vulnerable to the effects of climate change. 
More than 33% of the world’s population lives in the humid tropics, which is characterized by 
consistently high monthly temperatures and rainfall that exceeds evapotranspiration on most 
days of the year. Bangladesh and Japan have distinctly different climates. Bangladesh is a 
country in south Asia. It has a tropical monsoon climate with a mild winter and hot, humid 
summer for most of the year. The annual rainfall is high, the average temperature is 26.1°C 
and the relative humidity is 65.8%; the highest temperature is 42.4°C and the lowest 
temperature is 7.2°C [9]. Japan is located in a temperate zone. The annual temperature is 
16.7°C and the relative humidity is 72.2%; the highest temperature is 31.3°C and the lowest 
temperature is 3.1°C [9]. ‘Bangla’ is one of the widely spoken languages in the world. It’s one 
of major languages in terms of population used in the world. As differences in linguistic 
dimensions across cultures may cause confusion when interpreting thermal perceptions 
measured by different languages [1], it is important to detect and quantify the characteristics 
of people’s thermal comfort in regions with different climatic conditions. For example, people 
living in areas with a hot climate may be better adapted to hot weather and tolerate higher 
thermal conditions than those who are usually exposed to temperate climates [10]. This study 
used questionnaires to assess the comfort and sensation of physical and psychological 
parameters of Bangladeshi and Japanese natives. This questionnaire was also used to assess 
the relationship between cultural and social, feeling and psychological aspects. Bangla 
language has all the individual words that the ASHRAE eleven-point thermal scale used. 
Bangladeshi uses the term ‘ushno’ (warm) as a comfortable situation, indicating not only 
temperature but also as an expression of a comfortable condition. It is the same case for 
Japanese with the word ‘suzushi’ (cool). The comfortable condition for the two countries is 
not the same. The present study investigated the linguistic thermal differences between 
Bangladeshi and Japanese natives. Temperature regulation of the human body is influenced 
by climatic conditions. So our hypothesis was that the Bangladeshi respondent’s most 
comfortable temperature would be ‘warm’ because in Bangladeshi most of the year is summer 
and very hot; so they would be less cold tolerant [11] and that for Japanese respondents would 
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be ‘cool’ because the summer in Japan is shorter; so their heat tolerance would not be so 
strong as their cold tolerance [12].  
 
Methods 
A total of 1141 university students responded participated to a questionnaire survey 
consisting of 22 questions. We collected data in Bangladesh from December 2014 to January 
2015 and in Japan from July 2014 (1st survey: 98 respondents) and December 2015 (2nd 
survey: 111 respondents); each respondent was independent, with no overlap. The BD and JP 
respondents had the same thermal temperature experience, which means direct exposure to 
cold and hot weather, and the surveys were conducted in the same seasons (in December 2014 
and 2015). The Ethics Committee of the Faculty of Environmental Science, Nagasaki 
University approved this survey protocol. The survey respondents were verbally informed of 
the aims, and benefits of this survey, and informed consent of all respondents before this 
questionnaire survey data was collected. We obtained this data from JP and BD students in 
one university in Japan and three universities in Bangladesh (Dhaka, Rajshahi and Khulna 
city) [University A -290 students, University B -456 students, University C -187 students; the 
male to female ratio was 174:113, 263:192 and 174:10, respectively]. There were 932 (615 
males and 316 females) BD respondents (mean ages: 21.6±2.4 yr.) and 209 (81 males and 128 
females) JP respondents (mean ages: 19.9±1.8 yr.). 
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In this study, two different climate regions were chosen for comparison of linguistic thermal 
sensation and comfort: Japan as a temperate country and Bangladesh as a tropical country. 
More than 33% of the world’s population lives in the humid tropics, which is characterized by 
consistently high monthly temperatures and rainfall that exceeds evapotranspiration on most 
days of the year. Bangladesh (23.68°N, 90.35°E) [13] and Nagasaki (32.44°N, 129.52°E) [14] 
have distinctly different climates. Bangladesh is a country in south Asia. It has a tropical 
monsoon climate with a mild winter and hot, humid summer for most of the year. The annual 
rainfall is high, average temperature of Dhaka, the city of Bangladesh is 26.1°C and relative 
humidity is 65.8% [15, 16]. Nagasaki (Japan) is located in a temperate zone. The annual 
temperature is 16.7°C and the relative humidity is 72.5% [17]. Figure 1 shows the annual 




The questionnaire was presented in each/native language (Bangla and Japanese language) and 
consisted of a total of 22 questions. This questionnaire had three sections. 
 
o  Thermal sensation and comfort – 15 questions* 
o  Daily heating and cooling habits – 2 questions* 
o  Daily activities – 5 questions  
> Activity level of the day 
      > Exercise time of the day 
      > Breakfast 
      > Sleeping time and 
      > Smoking habit 
*Questionnaire taken from (Tochihara et al. 2012) 
 
All questions in the survey were written and asked in Bangla and Japanese language 
respectively for each respondent. Fifteen questions were about thermal sensation and comfort, 
and two questions were about daily heating and cooling habits. These 17 questions were taken 
from Tochihara’s [2] study. Another five questions were about daily activities (activity level 
of the day, exercise time of the day, frequency of eating breakfast, amount of time spent 
sleeping each day and smoking habit).  
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An eleven-point thermal scale was used to measure thermal sensation (Fig.2). Typically, 
scales used to measure thermal sensation have been formatted as categorical scales such as 
cold, cool, slightly cool, neutral, slightly warm, warm, and hot [ASHRAE 1992; 3]. It is 
reasonable to assume that there will be variable linguistic dimensions in thermal sensation 
descriptors among different ethnic groups because there are a variety of climates on Earth. 
ISO 10551 (1995) pointed out that bias would result from the vocabulary choices in each 
language when using thermal sensation scales.  
 
       -5          -4          -3           -2           -1           0            1           2            3            4            5 
 
          
          
 
            very cold        cold     slightly cold      cool     slightly cool    neutral     slightly warm   warm     slightly hot      hot       very hot 
 
 
Fig. 2 ASHRAE eleven-point thermal scale. 
 
 
In a study on thermal environments, a number of subjective scales have been developed for 
surveys to investigate thermal comfort, mostly using categorical scales and evaluating thermal 
sensation based on human physiology and ergonomics [4]. In this study, we used ASHRAE 
eleven-point thermal sensation scale [18], which assumes that different words have different 
linguistic dimensions and it should not be assumed that intervals between adjacent descriptors 
are identical. Other non-English researchers may have similar difficulties when formatting the 
ISO scale into their own language [3]. Table 1 shows the same word in Bangla and in 
Japanese. English, Japanese and Bangla words correspond to each thermal descriptive term in 
the questionnaire. Sometimes the meaning intention of the same word depends on the country. 
There are relatively few components in the human mind that are so fundamental or fixed that 
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Firstly, the frequencies and percentages for each question were analyzed. Then, the group 
difference between Bangladeshi and Japanese was tested by chi-square test in crosstabs 
analysis using SPSS software (version 21).  
 
Results 
We collected data from Japanese (JP) respondents at two different times of year. The 
frequently voted choice for hot weather as ‘higher than 29°C’ was 52.0% and 50.5% in the 1st 
and 2nd survey’s respondents respectively; 22.4% chose ‘higher than 20°C’ in the 1st survey 
and only 17.1% chose ‘higher than 20°C’ in the 2nd survey. 21.4% chose ‘higher than 32°C’ 
in the 1st survey and 28.8% chose ‘higher than 32°C’ in the 2nd survey. For cold weather, 
52.0% and 54.1% of respondents chose ‘lower than 10°C’ in the 1st and 2nd survey 
respectively. 17.3% and 32.4% of respondents chose ‘lower than 15°C’ as cold weather in the 
1st and 2nd survey respectively. In the 1st survey, 14.3% of respondents chose 20°C as cold 
weather but in the 2nd survey only 4.5% of respondents chose 20°C as cold weather. There 
were no significant differences between the results of the two times of the surveys. So we 
combined the JP respondent’s results and compared them with the BD respondents’ results. 
 
English Bangla Japanese 
Very cold খবু ঠাnা  
Cold ঠাnা  
Slightly cold সামান" ঠাnা  
Cool শীতল  
Slightly cool সামান" শীতল  
Neutral নািতশীেতা!  
Slightly warm সামান" উ! 	  
Warm উ! 	  
Slightly hot সামান" গরম  
Hot গরম  
Very hot খবু গরম  
!
!
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Group differences between BD and JP for Questions 1 to 17 of P < 0.001 were considered 
statistically significant. 
 
Question a. How active are you from day to day? 
45.8% and 33.8% of respondents spent a large part of the day in a sitting position performing 
static activities (desk work, watching television); 44.3% and 50.0% of respondents had a 
static life, but also performed light sports, housework; 6.9% and 13.2% of respondents 
performed jobs involving a long time standing up and moving about and there was a regular 
exercise habit; 3.0% and 2.9% of respondents performed exercise training almost every day in 
group activities in the BD and JP group respectively. Group differences between BD and JP 
for Questions 1 to 17 of P < 0.001 were considered statistically significant. 
 
 
Question b. How often do you eat breakfast? 
2.8% and 22.4% of respondents seldom ate breakfast; 8.2% and 15.1% of respondents ate 
breakfast twice a week; 19.5% and 14.1% of respondents ate breakfast 4-5 times a week; 
69.5% and 48.3% of respondents ate breakfast almost every day in the BD and JP group 
respectively. A group difference of P < 0.001 was considered statistically significant. 
 
Question c. How long do you sleep every day?  
11.1% and 36.7% of respondents slept less than 6 hours; 44.0% and 49.8% of respondents 
slept 6-7 hours; 30.7% and 11.1% of respondents slept 7-8 hours and 14.1% and 2.4% of 
respondents slept 8 hours or more in the BD and JP group respectively. A group difference of 
P < 0.001 was considered statistically significant. 
 
Question 1: What thermal sensations do you feel as the most comfortable? 
For BD respondents, the closest feeling of thermal comfort was ‘neutral’ (66.6%) followed by 
‘slightly cool’ (10.2%), ‘slightly cold’ (6.0%) ‘slightly hot’ (4.1%) and ‘cold’ (3.8%), while 
for JP respondents the closest feeling of thermal comfort was ‘cool’ (38.3%) followed by 
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Question 2: Does your home have a cooling system? 
Most of the BD and JP respondents had a cooling system. Only 3.0% and 2.9% of BD and JP 
respondents had no cooling system in their homes respectively. In the cooling system only an 
electric fan is included.  
 
Question 3: Does your home have a heating system? 
In Bangladesh, few people use an electric room heater (5.4%) and air conditioner (3.0%). 
97.1% of JP respondents had an air conditioner and room heater in their homes.  
 
Question 4: In which weather, are you most sensitive? 
37.7% of BD and 20.6% of JP respondents reported being sensitive in cold, 18.1% of BD and 
29.2% of JP respondents reported being sensitive in hot, 30.1% of BD and 33.5% of JP 
respondents reported being sensitive in both weathers respectively [Fig.4].  
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Table 2: Table 2 displays the answers of Questions 5 to 12 in the questionnaire. It’s the 
summary of response of Q.5 – Q.12 in the questionnaire.  
 
Question No. Japanese Bangladeshi χ2 P-value 






290.902 < 0.001 






89.837 < 0.001 






208.674 < 0.001 







256.669 < 0.001 
9 P (SH/H) in hot weather 





188.102 < 0.001 
10 P (W/N) in cold weather 





279.343 < 0.001 
11 P (CD/SCD) in cold weather 





157.999 < 0.001 
12 P (CL/CD) in hot weather 





279.278 < 0.001 
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Questions 5 to 12 are an interpretation based on the concept of conditional probability. N 
neutral, S satisfied, DS dissatisfied, W warm, H hot, VH very hot, SH slightly hot, SW 
slightly warm, SCD slightly cold, SCL slightly cool, CD cold, and CL cool. For example: 
S/W indicates that 66.3% of JP and 41.0% of BD respondents felt Satisfied in Warm 
conditions; DS/W indicates 5.8% of JP and 35.6% of BD respondents felt Dissatisfied in 
Warm conditions. Group differences between BD and JP for Questions 5 to 12 were all 
statistically significant (P < 0.001, Table 2). 
 
In Question 5: 55.0% of BD respondents were satisfied with a ‘slightly hot’ feeling. On the 
other hand, 79.2% of JP respondents were dissatisfied with a ‘slightly hot’ feeling. 
 
 In Question 6: 41.0% of BD respondents were satisfied and 35.6% were dissatisfied with a 
‘warm’ feeling. 66.3% and 5.8% of JP respondents were satisfied and dissatisfied 
respectively.   
 
In Question 7: 57.1% of BD respondents were satisfied with a ‘slightly cold’ feeling. 63.9% 
of JP respondents were dissatisfied with the same feeling. Bangladeshi respondents preferred 
a ‘slightly cold’ to a ‘cool’ feeling. 
 
In Question 8: 83.6% of JP respondents were satisfied in ‘cool’ and 48.3% of BD respondents 
were dissatisfied in the same condition.  
 
Question 9: Imagine it is a hot and humid summer. YOU walk out from an air-conditioned 
building to the hot and humid outside. At that moment, YOU feel ‘a little thermally 
uncomfortable’ but YOU do not sweat yet. YOUR thermal feeling would be: 
49.5% and 32.7% of JP respondents; 22.5% and 21.7% of BD respondents felt ‘slightly hot’ 
and ‘hot’ respectively.  
 
Question 10: Imagine it is a cold and windy winter. YOU walk into a well-heated building 
from the cold and windy outside. YOU feel ‘thermally comfortable’ without any shivering.  
YOUR thermal feeling would be: 
72.1% and 5.3% of JP respondents; 16.5% and 17.8% of BD respondents felt ‘warm’ and 
‘neutral’ respectively. 
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Question 11: Imagine it is a cold and windy winter. After staying in a well-heated building, 
YOU then walk out from the well-heated building to the cold outside. Outdoors, YOU feel ‘a 
little thermally uncomfortable’ with some goose bumps, but YOU do not shiver. YOUR 
thermal feeling would be: 
53.8% and 29.8% of JP respondents; 27.1% and 10.1% of BD respondents felt ‘cold’ and 
‘slightly cold’ respectively.  
 
Question 12: Imagine it is a hot and humid summer. After walking in the street without any 
shade and sweating, YOU then walk into an air-conditioned building. Inside the building, 
YOU feel ‘thermally comfortable.’ At this moment, YOUR thermal feeling would be: 
85.1% and 1.4% of JP respondents; 23.4% and 9.6% of BD respondents felt ‘cool’ and ‘cold’ 
respectively.  
 
Question 13: What word describes the feeling between ‘neutral’ and ‘cold’?  
40.8% and 55.8% of BD and JP respondents chose ‘slightly cool’; 28.1% and 19.2% chose 
‘cool’; 29.8% and 25.0% of BD and JP chose ‘slightly cold’ as the middle word between 
‘neutral’ and ‘cold’ respectively.  
 
Question 14: What word(s) describes the feeling between ‘neutral’ and ‘hot’? 
43.5% and 49.5% of BD and JP respondents chose ‘slightly hot’; 34.5% and 20.2% chose 
‘slightly warm’ and 21.8% and 30.3% of BD and JP chose ‘warm’ as the middle word 
between ‘neutral’ and ‘hot’ respectively.  
 
Question 15: What word is opposite to ‘warm’? 
72.8% of BD and 73.1% of JP respondents answered that ‘Cool’ is opposite; 15.8% of BD 
and 19.2% of JP respondents answered ‘cold’; 6.9% of BD and 7.7% of JP respondents 
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Fig. 5 The temperature that Bangladesh (BD) and Japanese (JP) respondents considered as 
‘hot weather’ and ‘cold weather.’ 
 
Question 16: What temperature do you consider as ‘hot weather’? 
A total of 38.7% of BD and 25.5% of JP respondents selected ‘higher than 32°C’ as hot 
weather. A total of 22.1% of BD and 51.4% of JP respondents selected ‘higher than 29°C’ as 
hot weather. Higher than 26°C, 35°C, 38°C and 40°C was selected as hot weather by 5.2% 
and 19.7%; 24.7% and 3.4%; 6.4% and 0.0%; 2.9% and 0.0% of BD and JP respondents 
respectively [Fig. 5].  
 
Question 17: What temperature do you consider as ‘cold weather’? 
A total of 43.1% of BD and 25.5% of JP respondents selected ‘lower than 15°C’ as cold 
weather. A total of 26.2% and 53.4% of BD and JP respondents selected ‘Lower than 10°C’ 
as cold weather. Lower than -5°C, 0°C, 5°C and 20°C were selected as cold weather by 0.0% 
and 1.0%; 0.0% and 1.9%; 7.0% and 9.1%; 23.7% and 9.1%; of BD and JP respondents 
respectively [Fig. 5].  
 
In summer and in winter Japanese respondents showed no significant difference in their 
consideration of cold weather. The most frequently voted choice for hot weather was 52.0% 
and 50.5% was ‘higher than 29°C’ for summer and winter respondents respectively; 22.4% 
chose ‘higher than 20°C’ in summer and only 17.1% chose in winter for the same option. 
21.4% chose ‘higher than 32°C’ in summer and 28.8% chose in winter for the same option. 
For cold weather, 52.0% and 54.1% of respondents chose ‘lower than 10°C’ for summer and 
winter respectively. 17.3% and 32.4% of respondents chose ‘lower than 15°C’ for cold 
weather for summer and winter respectively. In summer,	 14.3% of respondents chose 20°C 
as cold weather but in winter only 4.5% of respondents chose cold weather. Moreover 0°C 
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and -5°C only chose as cold weather chose in summer but when they were in winter they did 




The purpose of this study is investigates the linguistic thermal differences between 
Bangladeshi and Japanese natives. We found that for different climate and cultural dimension 
of two countries people’s linguistic expression are different. They're most comfortable 
temperature, the level of judged about thermal sensation also has differences. It may provide 
some sign about the dynamic formed of the human mind’s thermal neutral zone. This study 
used ASHRAE thermal sensation scale; its used word does not have same meaning in the 
different languages, it found by compared in five languages (English, France, Greek, 
Portuguese and Swedish) [20].   
 
What is the seasonal difference in thermal sensation and comfort of the Japanese (JP) 
respondents? 
 
In summer, people are used to a hot environment, so at that time respondents considered a 
slightly lower temperature as cold weather and in winter people are used to a cold 
environment, so at that time the respondents considered a slightly higher temperature as hot 
weather. Temperature sensation seems to be relative.  
 
What are the thermal sensation and comfort differences between the BD and JP respondents? 
Hot and humid weather makes people tired more quickly than cold weather, and if the body 
temperature rises above 38°C, physical and cognitive functions are impaired. If humidity and 
temperature are lower, people’s productivity increases. High temperature affects people’s 
skill, which leads to a decline in capacity and productivity [21]. The temperature in 
Bangladesh in the summer is more than 38°C. The physical characteristics of the BD and JP 
respondents were the same, but according to the daily activities questions 45.8% of BD 
respondents had a static life whereas 33.8% of JP respondents had a static life. The JP 
respondents were more prompt. 29.2% of the JP respondents were sensitive in ‘hot weather’ 
and 37.7% of the BD respondents were sensitive in ‘cold weather’.  
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Fig. 6 Most comfortable thermal sensation of Bangladeshi (BD), Japanese (JP) and 
Indonesian (IND) respondents. JP (T) and IND (T) data taken from Tochihara’s study [2] for 
comparisons. 
 
In Question 4, the most comfortable thermal sensation of the BD respondents was ‘neutral’ 
(66.6%), whereas the JP respondents chose only 14.6% of ‘neutral’. The most comfortable 
thermal sensation of the JP respondents was ‘cool’ (38.3%), whereas the BD respondents 
chose only 2.4% of ‘cool’. The next comfortable thermal sensation was ‘slightly cool’ (10.2% 
and 20.4% of BD and JP respondents respectively). For Indonesians, the most comfortable 
thermal sensation was ‘cool’ (75%) [2] [Fig. 6]. Bangladesh has a mainly summer climate and 
for this reason people in this area have a low cold tolerance, and they not prefer cold 
temperatures. Respondents in this area felt that “Neutral” was the most comfortable thermal 
condition.  
 
On the other hand, Japan has a colder climate and for this reason people in this area have a 
low heat tolerance and consider summer in Japan to be intolerable. “Cool” was the thermal 
condition that respondents in this area felt was most comfortable. In Indonesia, the 
temperature is almost the same all over the year (average temperature is 27.8°C) [22]. This 
area’s respondents preferred “cool” as the thermal comfort. 
 
In Question 5, there is a difference between BD and JP groups. 55.0% of BD were satisfied in 
‘slightly hot’ condition but only 3.4% of JP were satisfied and 79.2% were dissatisfied; in 
Question 8, 83.6% of JP were satisfied in ‘cool’ thermal condition, but only 27.7% of BD 
were satisfied. But 48.3% of BD respondents were dissatisfied in the same condition. In 
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Question 7 and 8, Bangladeshi respondents preferred a ‘slightly cold’ and ‘slightly hot’ to a 
‘cool’ and ‘warm’ feeling respectively. Actually it’s very difficult for general people to detect 
the difference between ‘slightly cold’ and ‘cool’; ‘slightly hot’ and ‘warm’. It’s has separate 
word in Bangla language but meaning are very close, especially ‘slightly’ this word instigated 
them more. Global warming countermeasures in each area of the world may vary depending 
on weathers, climates, customs, and cultures. By the daily activities question found that 
97.1% JP respondents has air conditioner; very few number of BD respondents used air 
condition (3.0%) and heating system (5.4%) in their home. Japanese ministry of environment 
conducted a campaign for electric energy consumption by limiting the use of air conditioning. 
They recommended maintain 28°C for summer and 20°C temperature for wintertime. For this 
campaign Japanese people became more conscious about their comfort and room temperature. 
But Bangladeshi people are not so conscious about how temperatures are right for their 
comfort; so they mixed up.  
 
In Question 10, 72.1% of JP respondents selected ‘warm’ but only 16.5% of BD respondents 
selected that in the question. It seems that the different ethnicities had a different choice for 
their thermal comfort level. Also the Japanese and Bangla languages are not from the same 
linguistic root.  
 
In Question 16, JP respondents chose ‘higher than 29°C’ (51.4%) and BD respondents chose 
‘higher than 32°C’ (38.7%) as hot weather. It seems that tropical indigence has a higher heat 
tolerance than Japanese indigence [23]. In Question 17, JP respondents chose ‘lower than 
10°C’ (53.4%) as cold weather and BD respondents chose ‘lower than 15°C’ (43.1%) as cold 
weather. It seems that the JP had a higher local cold tolerance than the BD as evaluated by the 
cold induced vasodilation test [11]. This level of judged about temperature provide their 
linguistic sensation differences. In the same question, Indonesian respondents chose ‘hot’ 
weather as ‘higher than 32°C’ (30.0%) and chose ‘cold’ weather as ‘lower than 20°C’ 
(55.0%) [2]. Indonesian respondents had a similar hot sensation to BD respondents but 
different responses to cold weather; Indonesian respondents lack direct exposure to cold 
weather [2], for this reason their cold opinion only in their mind not by experiences. Japan has 
a temperate climate; Bangladesh has a North tropical climate and Indonesia a middle tropical 
climate. Their thermal sensations showed gradual variation by the adaptation level to heat and 
cold. Tropical or temperate indigenes temperature’s feeling, comfort levels are comparatively 
different.   




The purpose of this study was investigated the linguistic thermal differences between 
Bangladeshi and Japanese natives. Most of the Bangladeshi respondents chose ‘neutral’ 
temperature and most of the Japanese respondents chose ‘cool’ for the most comfortable 
weather. Most of the Bangladeshi respondents reported that they were sensitive in ‘cold 
temperature’ but most of the Japanese respondents reported that they were sensitive in ‘hot 
temperature. By linguistic thermal acclimatization reflect that Bangladeshi are preferred 
‘neutral’ in their tropical climate. For different cultural dimension of two countries peoples 
expression are different.  
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Effect of duration of stay in temperate area by local cold expose of 
tropical indigenes
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Abstract  
 
Purpose: The present study investigates the effect of duration of stay in a temperate area on 
cold adaptation of tropical indigenes evaluated by cold-induced vasodilation (CIVD).  
 
Methods: Eight sedentary tropical male students, who were born and raised in a tropical 
country and are now resident in a temperate area, participated in this study. Written informed 
consent was obtained from all subjects before the start of the experiments. The subject’s left 
hand middle finger was immersed in 5 °C water for 20 min to assess their CIVD response (the 
experiment was conducted in an artificial climate chamber controlled at 25 °C with 50 % RH). 
Finger skin temperature and finger thermal sensation of the immersed middle finger of the left 
hand was recorded. 
 
Results: There were statistically differences in CVT between Exp. 2, 3 and Exp.4 (P < 0.05). 
The relationship (correlation coefficient) between duration of stay and time of temperature 
rise (TTR), mean skin temperature (MST), and amplitude of temperature (AT) were 0.196, 
0.180 and 0.022, respectively. There were no statistically significant differences. Fig. 2-1 to 
2-4 shows all subjects’ finger skin temperature in all experiments. The finger skin 
temperature (MST) of subject 1 and 2 had greater amplitude of temperature than subject 3 and 
4. The coefficient of variation of the finger skin temperature (CVT) of subjects 3 and 4 had 
smaller than subject 1 and 2.  
 
Conclusions: Observing the CIVD response, it appears that the subjects’ long-time stay in a 
temperate area might improve local cold adjustment ability.  
 
 
Keywords: Climate area, Duration of stay, Cold-induced vasodilation (CIVD) 
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Introduction 
Cold adaptation induces less discomfort, enhanced dexterity, prevents general and local cold 
illnesses and injuries and improves surviving in a cold environment [7]. Adaptation refers to 
the ability of a system to adjust to climate change in order to reduce its vulnerability and 
enhance the adaptive capacity to climate change. Acclimatization means the adaptive changes 
that occur within an organism in response to change in the natural climate. Adaptations to 
cold may reduce the occurrence of accidents and improve human performance as surviving in 
the cold. 
 
Cold-induced vasodilation (CIVD) reaction is regarded as one of the indexes of local cold 
tolerance. Lewis [1] found that the temperature of the skin of the fingers during continued 
immersion in ice-cold water fell rapidly for the first few minutes and thereafter spontaneous 
rewarming took place. CIVD has been reported in several locations of the human body such 
as the face [2], feet [3], fingers (most commonly used measure for CIVD), toes, ears, chin, tip 
of the nose [4], buttocks, perianal region, neck, patella, and chest exposed to cold. There are 
some individual factors that affect CIVD responses, such as: age, gender, altitude, diet, 
alcohol consumption, and mental stress; in the afternoon and in the summer, when the core 
temperature is relatively elevated, the CIVD reaction is more pronounced [5]. Previous 
studies show that a long-time stay in a temperate area and repeated exposure to cold water 
improves local cold tolerance [6] and that thermo-physical cold reactions are modified leading 
to cold adaptation [7]. CIVD reaction is more pronounced in people born in cold areas and in 
people whose hands have been exposed to cold for a prolonged period of time [5]. 
 
The study design was cross-sectional analysis. Cheung and Daanen [9] discuss a couple of 
limitations of cross-sectional population studies on CIVD in terms of the time course of 
adaptation. The present study, employing longitudinal analysis, investigates the effect of 
duration of stay in a temperate area on cold adaptation of tropical indigenes by a four-times 
experiment, which took one and a half years. Our hypothesis was that the longer-staying 










Eight tropical healthy male students, who were born and raised in a tropical country 
(Bangladesh) and are resident in a temperate area (Nagasaki, Japan), participated in this study 
(age, 29.37 ± 3.02 years; height, 169.92 ± 3.42 cm; weight, 69.87±11.22 kg; %body fat, 
28.85± 7.91 %; BMI, 24.17 ± 4.19). Table 1 shows all subjects’ duration of stay at temperate 
area and each subject physical characteristics of all subjects in their first experiment time. The 
subjects were all students of a university with an identical lifestyle and they were not engaged 
in any sports activity. Alcohol intake and exercise were prohibited for at least 24 hours before 
the experiment. In this study, the Ethics Committee of the Faculty of Environmental Science, 
Nagasaki University, approved all experimental protocols. Written informed consent was 




Four experiments were conducted in an artificial chamber controlled to 25°C and 50% 
relative humidity. The first experiment was conducted in September 2014 (after summer); the 
second experiment, in May 2015 (before summer); the third experiment, in October 2015 
(before winter); and the fourth experiment, in March 2016 (after winter) [Fig. 1]. The subjects 
came and sat in the chamber at least one hour before the experiment. Each subject rested on a 
chair for 10 minutes; after resting, they immersed their left-hand middle finger in water of 
5°C for 20 minutes. After immersion, the finger was withdrawn from the water and the 
subject rested for 10 minutes. Finger skin temperature and blood flow of the immersed middle 
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Table 1: Physical characteristics of all subjects in their first experiment time. 
 
Subject Age (yr.) Height (cm) Weight (kg) Body fat (%) BMI Duration of 
stay (yr.) 
1 29 170.1 62.6 25.3 21.6 1.00 
2 31 172.7 61.0 19.6 20.5 0.83 
3 28 166.5 74.8 35.8 27.0 3.10 
4 26 168.4 60.8 24.6 21.5 0.08 
5 35 176.0 73.0 18.3 23.0 1.00 
6 28 167.0 87.2 42.0 31.3 3.17 
7 28 164.5 60.8 32.1 22.5 0.00 
8 30 181.0 95.8 27.8 29.2 2.41 
Mean 29.38 170.78 72.00 28.19 24.58 1.45 
SD 2.27 5.52 13.45 8.08 4.04 1.27 
 
All experiments duration was one and half years long. Exp.1 was conducted at September-
2014 and Exp. 4 was conducted at March-2016. Every experiment time we measure the 
subject’s physical condition. All subjects’ physical characteristics were almost same.  
 
Instrumentation 
Finger skin temperature was measured continuously using a thermistor sensor (PXK67, 
TECHNO SEVEN). The thermistor sensor on the left hand middle finger was attached just 
lateral of the nail bed. The skin temperature was sampled every 5 s. The thermal sensation 
was recorded every 2 s using the thermal sensation measurement software “takumiBG©” 
(esPRODUCTS). The thermal sensation scale was divided into eight stages from 0.0 
(extremely cold) to 8.0 (extremely hot). Subjects recorded the thermal sensation by operating 
a mouse with their right hand (not immersed).  
There are several studies about the effects of lifestyle related to nutrition, daily activity 
(Maeda et al. 2005), and diets (Yoshimura et al. 1951) and brown adipose tissue (Lee et al. 
2013b) on cold tolerance, very little research has been investigated concerning relationships 
between self-identified thermal tolerances through thermal lifestyle and physiological thermal 
tolerance. Some previous studies on CIVD (Cheung and Daanen 2012; Lee at al. 2013a) 
support the idea that thermal lifestyle during daily life might be one of the factors which 
affect CIVD when varying degrees of thermal stimulus are considered. 
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Experiment protocol 
Many different immersion protocols have been utilized in CIVD studies, and an appropriate 
protocol to test the trainability of CIVD must balance the need for sufficient stimulus with 
subject tolerance and practicality [Igor B. Mekjavic 2008]. Experiment protocol was 40 
minutes, subject rested on a chair 10 minutes, after rest they immersed their left hand middle 
finger in water of 3.5-5°C for 20 minutes. After immersion the finger was taken out of the 
water and subjects rested for 10 minutes. Skin temperature and blood flow were recorded by 
the immersed middle finger of left hand. During experiment in the artificial chamber was 





Table 2 shows all subjects’ CIVD index. There were statistically differences in CVT between 
Exp.2, 3 and Exp.4 (P < 0.05). The relationship (correlation coefficient) between duration of 
stay and time of temperature rise (TTR), mean skin temperature (MST), and amplitude of 
temperature (AT) were 0.196, 0.180, and 0.022 respectively. There were no statistically 
significant. Fig. 2-1 to 2-4 shows all subjects’ finger skin temperature in all experiments. The 
finger skin temperature (MST) of subject 1 and 2 had greater amplitude of temperature than 
subject 3 and 4. The coefficient of variation of finger skin temperature (CVT) of subjects 3 
and 4 had smaller than subject 1 and 2. Figures 2 to 5 show all typical subjects’ finger skin 
temperature in all experiments. In experiment 1, subject 3 and 4’s duration of stay (DS) in a 
temperate area was three years, and subject 1 and 2’s duration of stay was one year. The 
finger mean skin temperature (MST) and lowest temperature (LT) of subject 1 were 11.27°C, 
6.80°C, 13.79°C, and 6.89°C and 7.43°C, 5.89°C, 8.39°C, and 4.95°C; those of subject 2 
were 13.80°C, 11.40°C, 15.36°C, and 8.19°C and 7.92°C, 5.17°C, 5.51°C, and 5.79°C; those 
of subject 3 were 9.49°C, 8.76°C, 8.98°C, and 8.64°C and 6.41°C, 6.20°C, 5.91°C, and 
6.74°C in experiments 1, 2, 3, and 4 respectively. The MST and LT of subject 4 were 7.44°C, 
9.08°C, and 8.31°C and 4.97°C, 4.89°C, and 6.27°C in experiments 1, 2, and 3 respectively. 
In figure 1 and 2, the finger skin temperature of subject 1 and 2 had greater variation 
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Table 2: Mean value of CIVD (cold-induced vasodilation) indexes 
 















1 Mean 32.76 6.94 5.35 13.00 6.75 10.85 6.77 18.37 
 S.D. 2.27 1.75 0.84 5.28 1.58 3.00 3.01 9.36 
2 Mean 34.03 5.80 6.01 11.09 5.44 8.87 6.07 19.04 
 S.D. 1.42 1.10 0.63 3.45 0.84 1.57 2.39 5.11 
3 Mean 33.18 7.37 6.10 14.58 6.59 11.67 8.16 20.58 
 S.D. 1.70 2.63 0.38 6.05 1.80 3.49 4.10 6.74 
4 Mean 33.90 7.16 5.86 10.10 7.20 9.80 4.51 12.49 
 S.D. 1.29 1.80 0.80 1.80 1.25 2.41 2.79 3.68 
 
 
Note: TBI: temperature before immersion, TFR: temperature at first rise, TTR: time of 
temperature rise, HT: highest temperature (5~20 min), LT: lowest temperature (5~20 min), 
MST: mean skin temperature (5~20 min), AT: amplitude of temperature (HT-LT), CVT: 
coefficient of variation of the temperature. 




Table. CIVD and thermal sensation index of all experiment of subject 1 as mean and SD 
 
Subject 1 TBI (°C) TFR (°C) TTR (min.) HT (°C) LT (°C) MST (°C) AT (°C) CVT (%) 
Exp. 1 34.72 8.83 4.67 16.46 7.43 11.27 9.03 21.96 
Exp. 2 34.86 5.92 6.00 7.72 5.89 6.80 1.83 7.41 
Exp. 3 34.35 8.61 5.92 20.6 8.39 13.79 12.21 28.72 
Exp. 4 34.39 4.97 5.92 7.74 4.95 6.89 2.79 11.29 
Mean 34.58 7.08 5.63 13.13 6.67 9.69 6.47 17.35 
SD 0.25 1.93 0.64 6.46 1.54 3.44 4.99 9.76 
 
Subject 1 SBI (°C) SFR (°C) TSR (min.) HS (°C) LS (°C) MSS (°C) AS (°C) CVS (%) 
Exp.1 4.00 0.6 13.73 2.00 0.50 0.97 1.50 46.95 
Exp.2 4.00 1.00 13.92 2.30 1.00 1.67 1.30 21.77 
Exp.3 4.00 1.30 13.77 2.00 1.00 1.48 1.00 29.01 
Exp.4 4.00 1.50 15.10 4.00 1.00 2.09 3.00 13.55 
Mean 4.00 1.10 14.13 2.58 0.88 1.55 1.70 27.82 
SD 0.00 0.39 0.65 0.96 0.25 0.46 0.89 14.23 
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Subject 2: 
 
Table. CIVD and thermal sensation index of all experiment of subject 2 as mean and SD 
 
Subject 2 TBI (°C) TFR (°C) TTR (min.) HT (°C) LT (°C) MST (°C) AT (°C) CVT (%) 
Exp. 1 34.46 8.53 4.67 16.43 8.8 14.84 7.62 10.77 
Exp. 2 33.98 5.31 5.92 10.84 5.06 8.53 5.78 16.76 
Exp. 3 32.69 5.48 5.92 11.53 5.46 8.49 6.07 21.3 
Exp. 4 32.47 7.2 5.08 12.41 7.19 10.49 5.22 11.71 
Mean 33.40 6.63 5.40 12.80 6.63 10.59 6.17 15.14 
SD 0.97 1.53 0.63 2.50 1.72 2.98 1.03 4.88 
         
Subject 2 SBI (°C) SFR (°C) TSR (min.) HS (°C) LS (°C) MSS (°C) AS (°C) CVS (%) 
Exp.1 4.0 1.0 16.9 3.5 0.0 2.5 3.5 32.0 
Exp.2 4.0 1.0 16.6 3.7 0.4 2.5 3.3 34.6 
Exp.3 4.0 0.3 17.8 3.4 0.0 1.8 3.4 33.7 
Exp.4 4.0 1.0 18.0 3.0 0.5 2.3 2.5 38.6 
Mean 4.0 0.8 17.3 3.4 0.2 2.2 3.2 34.7 






Table. CIVD and thermal sensation index of all experiment of subject 3 as mean and SD 
 
Subject 3 TBI (°C) TFR (°C) TTR (min.) HT (°C) LT (°C) MST (°C) AT (°C) CVT (%) 
Exp. 1 33.86 6.43 6.42 11.36 6.41 9.49 3.41 16.52 
Exp. 2 32.57 6.43 6.75 12.90 6.20 8.76 6.70 26.66 
Exp. 3 34.11 5.92 5.42 10.95 5.91 8.98 5.04 14.85 
Exp. 4 32.70 6.77 6.67 9.49 6.74 8.64 2.76 9.98 
Mean 33.31 6.39 6.32 11.18 6.32 8.97 4.48 17.00 
SD 0.79 0.35 0.61 1.40 0.35 0.38 1.76 7.01 
 
Subject 3 SBI (°C) SFR (°C) TSR (min.) HS (°C) LS (°C) MSS (°C) AS (°C) CVS (%) 
Exp.1 4.0 0.4 14.0 3.8 0.4 2.5 3.4 39.3 
Exp.2 4.0 1.6 13.5 3.9 1.1 2.7 2.8 30.5 
Exp.3 4.0 1.0 11.0 3.6 1.4 2.8 2.2 30.7 
Exp.4 4.0 0.8 14.0 3.1 0.6 2.4 2.5 25.9 
Mean 4.0 1.0 13.1 3.6 0.9 2.6 2.7 31.6 
SD 0.0 0.5 1.5 0.4 0.5 0.2 0.5 5.6 
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Subject 4: 
 
Table. CIVD and thermal sensation index of all experiment of subject 4 as mean and SD 
 
Subject 4 TBI (°C) TFR (°C) TTR (min.) HT (°C) LT (°C) MST (°C) AT (°C) CVT (%) 
Exp. 1 29.81 4.96 4.83 9.67 4.97 8.28 4.69 11.71 
Exp. 2 31.21 4.24 5.33 8.3 4.23 6.92 4.07 17 
Exp. 3 29.52 5.13 6.33 9.3 5.13 8.02 4.17 16.08 
Exp. 4 35.59 8.24 4.75 18.89 8.39 14.31 10.5 19.65 
Mean 31.53 5.64 5.31 11.54 5.68 9.38 5.86 16.11 
SD 2.80 1.77 0.73 4.93 1.85 3.34 3.11 3.30 
 
Subject 4 SBI (°C) SFR (°C) TSR (min.) HS (°C) LS (°C) MSS (°C) AS (°C) CVS (%) 
Exp.1 4.0 0.4 16.3 2.8 0.3 1.7 2.5 42.4 
Exp.2 3.9 0.2 11.9 1.8 0.3 1.2 1.5 21.0 
Exp.3 4.0 0.3 14.9 3.5 0.4 1.9 3.1 26.0 
Exp.4 4.1 0.2 11.1 2.8 0.4 1.4 2.4 27.6 
Mean 4.0 0.3 13.5 2.7 0.4 1.6 2.4 29.2 







Table. CIVD and thermal sensation index of all experiment of subject 5 as mean and SD 
 
Subject 5 TBI (°C) TFR (°C) TTR (min.) HT (°C) LT (°C) MST (°C) AT (°C) CVT (%) 
Exp. 1 33.79 7.93 6.42 19.11 7.92 13.80 11.18 27.87 
Exp. 2 35.00 5.20 6.42 13.92 5.17 11.40 8.75 25.50 
Exp. 3 34.43 5.52 6.33 19.54 5.51 15.36 14.03 30.73 
Exp. 4 32.71 5.88 7.00 9.96 5.79 8.19 4.16 14.99 
Mean 33.98 6.13 6.54 15.63 6.10 12.19 9.53 24.77 
SD 0.98 1.23 0.31 4.56 1.24 3.12 4.18 6.86 
 
Subject 5 SBI (°C) SFR (°C) TSR (min.) HS (°C) LS (°C) MSS (°C) AS (°C) CVS (%) 
Exp.1 4.0 1.1 13.1 6.6 1.1 3.0 5.5 27.6 
Exp.2 4.0 0.1 12.8 6.2 1.7 4.2 4.5 30.8 
Exp.3 4.0 0.6 12.0 6.0 1.0 3.0 5.0 34.6 
Exp.4 4.0 0.1 11.0 6.8 0.0 3.3 6.8 25.4 
Mean 4.0 0.5 12.2 6.4 1.0 3.4 5.5 29.6 








Table. CIVD and thermal sensation index of all experiment of subject 6 as mean and SD 
 
Subject 6 TBI (°C) TFR (°C) TTR (min.) HT (°C) LT (°C) MST (°C) AT (°C) CVT (%) 
Exp. 1 29.94 4.94 5.08 9.67 4.97 7.44 4.69 13.03 
Exp. 2 35.17 4.91 6.08 14.18 4.89 9.08 9.29 28.17 
Exp. 3 32.15 6.29 5.92 9.25 6.27 8.31 2.98 10.86 
Mean 32.42 5.38 5.69 11.03 5.38 8.28 5.65 17.35 
SD 2.63 0.79 0.54 2.73 0.77 0.82 3.26 9.43 
 
Subject 6 SBI (°C) SFR (°C) TSR (min.) HS (°C) LS (°C) MSS (°C) AS (°C) CVS (%) 
Exp.1 4.0 2.1 10.9 3.9 2.5 3.4 1.4 31.9 
Exp.2 4.0 0.7 16.2 4.0 1.5 3.3 2.5 30.9 
Exp.3 4.0 1.3 12.6 4.7 2.4 3.7 2.3 22.7 
Mean 4.0 1.4 13.2 4.2 2.1 3.5 2.1 28.5 












Table. CIVD and thermal sensation index of all experiment of subject 7 as mean and SD 
 
Subject 7 TBI (°C) TFR (°C) TTR (min.) HT (°C) LT (°C) MST (°C) AT (°C) CVT (%) 
Exp. 2 35.06 7.54 6.67 12.09 5.91 8.96 6.18 24.29 
Exp. 3 33.96 12.65 6.42 20.22 9.69 15.75 10.53 21.46 
Exp. 4 34.14 7.4 5.92 10.31 7.39 9.21 2.92 10.94 
Mean 34.39 9.20 6.34 14.21 7.66 11.31 6.54 18.90 
SD 0.59 2.99 0.38 5.28 1.90 3.85 3.82 7.03 
 
Subject 7 SBI (°C) SFR (°C) TSR (min.) HS (°C) LS (°C) MSS (°C) AS (°C) CVS (%) 
Exp.2 4.0 1.7 21.0 2.3 0.9 1.5 1.4 37.5 
Exp.3 4.0 1.1 16.8 2.5 1.0 1.9 1.5 35.4 
Exp.4 4.0 1.5 18.7 2.0 1.0 1.6 1.0 38.5 
Mean 4.0 1.4 18.8 2.3 1.0 1.7 1.3 37.1 
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Subject 8: 
 
Table. CIVD and thermal sensation index of all experiment of subject 8 as mean and SD 
 
Subject 8 TBI (°C) TFR (°C) TTR (min.) HT (°C) LT (°C) MST (°C) AT (°C) CVT (%) 
Exp. 2 34.37 6.88 4.92 12.86 6.9 10.49 5.96 14.89 
Exp. 3 34.2 9.32 6.58 19.42 9.21 14.62 10.21 20.62 
Exp. 4 35.31 10.37 5.67 12.37 9.13 10.89 3.23 8.88 
Mean 34.63 8.86 5.72 14.88 8.41 12.00 6.47 14.80 
SD 0.60 1.79 0.83 3.94 1.31 2.28 3.52 5.87 
 
Subject 8 SBI (°C) SFR (°C) TSR (min.) HS (°C) LS (°C) MSS (°C) AS (°C) CVS (%) 
Exp.2 4.0 0.9 14.0 4.0 0.9 3.0 3.1 31.5 
Exp.3 4.0 0.3 16.8 1.5 0.0 1.2 1.5 29.8 
Exp.4 4.0 1.1 14.2 2.5 1.4 2.1 1.1 39.5 
Mean 4.0 0.8 15.0 2.7 0.8 2.1 1.9 33.6 
SD 0.0 0.4 1.6 1.3 0.7 0.9 1.1 5.2 
 
 
Figure 2 to 5 shows all subjects average finger skin temperature of all experiments. In figure 2 
and 3 the finger skin temperature of subject 1 and 5 had variations than subject 3 and 6. 
Subject 3 and 6’s duration of stayed in temperate area was 3 years, subject 1 and 5 was 1 year 
at the Exp.1. Moreover subject 1 and 5 displayed sharp seasonal effect. Subject 1 and 5 had 
more CIVD pronounce that at the Exp. 1 and Exp. 3. Exp. 1 and Exp. 3 were after summer 
season. In figure 3, subject 3 and 6 able to keep their finger temperature more fairly than 




     
 
Fig. 2-1 Finger temperatures of subject 1 and 2. Duration of stay in temperate area of subject 
1 and 5 were 1.0 yr. during Exp.1 
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Fig. 2-2 Finger temperatures of subject 3 and 4. Duration of stay in temperate area of subject 






In figure 4, subjects 2 and 4’s duration of stayed in temperate area was same (0.08 yr.) but 
subject 4 was in special case because his childhood passed in temperate area (Japan) and 
before the Exp. 4, that time he just back from Bangladesh (total winter time he was out side of 





    
Fig. 2-3 Finger temperatures of subject 5 and 6. Duration of stay in temperate area was same 





















Time (min. ) 
Sub. 5 
Exp.4 Exp.3 Exp.2 Exp.1 






















Exp.4 Exp.3 Exp.2 Exp.1 
Finger immersion in 5°C water  
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Fig. 2-4 Finger temperatures of subject 7 and 8 Duration of stay in temperate area of subject 4 
and 8 were 0.08 and 2.4 yr. during Exp.1 and 2 
 
 
In figure 5, subject 7 duration of stayed in temperate area (Japan) was less than 1 month and 





It is well known that temperature regulation of the human body is influenced by climatic 
conditions. The subjects coming from a tropical climate now stayed in temperate climate area 
for a longer period were expected to be more acclimatized to cold compared to those staying a 
shorter time. Residence of ~5 years in a temperate climate would not be enough to elicit any 
systemic change in peripheral vascular activity in reaction to local cold stimuli [9]. Even 
among Asian populations, the ability to maintain body temperature differs between Japanese 
residing mainly in the temperate zone [10]. It is important to maintain an effective thermal 
lifestyle for individuals in order to maintain their cold tolerance; cold-acclimatized 
individuals lose their ability to adapt to the cold when chronically exposed to warmer 
temperatures [11]. Meehan [12] found that the finger skin temperatures of Alaskan natives 
were higher compared with the respective temperatures of Caucasians during immersion in 
ice water. Wijayanto’s study [13] on the effect of duration of stay of tropical indigenes shows 
that a stay in a temperate area degrades the nature of long-term heat acclimatization.  
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There were no significant correlations between CIVD index and duration of stay in temperate 
area. Lee’s study [9] also shows no significant relationship between duration of stay in a 
temperate area and the CIVD index [9]. In the present study, subject 1 and 2 had a more 
pronounced CIVD in Exp. 1 and 3, which were conducted after the summer season. In the 
summer, the CIVD reaction is more pronounced [6]. Fig. 2-2 shows that subject 3 and 4 were 
able to keep their finger temperature lower and had finer control than subject 1 and 2 in Fig. 
2-2. Subject 3 and 4 showed more effect of duration of stay in temperate area than the other 
subjects. Effects of duration of stay that means any improvement in their local cold tolerance 
ability for a long time or short time live in temperate areas. 
 
 
Fig. 3 Coefficient of variation of finger temperature during immersion (CVT) of four subjects 
with duration of stay (DS). 
 
In Fig.3, the CVT (coefficient of variation of finger skin temperature during immersion) of 
subject 1 to 4 Exp. 1 to Exp. 4. Subject 3 and 4’s CVT line showed a decreasing trend.  
 
It seems that subject 3 and 4 (3.0 years DS) were capable of keeping their finger temperature 
lower with finer control than subject 1 and 2 (1.0 year DS). It is considered that the tropical 
(Bangladeshi) subjects have adapted to a hot environment since they were born in and are 
used to living in a hot environment, a cold environment might be difficult to adapt for them. 
Human beings may be the most adaptive species with high survival ability. In temperate-
climate natives who reside in a tropical country for prolonged periods, readjustments are 
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created in the thermoregulatory system [14]. Long-term heat acclimatization acquired in 
tropical subjects may degrade after immigration to a temperate area [15]. If the subject’s 
‘duration of stay’ (DS) is longer in a temperate area, then their cold adjustment ability might 
improve. Insulative adaptation could be observed after repeated mild cold immersions in 
which a significant metabolic response is not evoked [16]. Thermal insulation tactics against 
local cold exposure showed a decreasing tendency, which means the subject’s finger skin 
temperature became more stable with increasing duration of stay in a temperate area. 
Insulative adaptation is experienced after repeated cold immersions, including a significant 
decrease in skin temperature [17, 18, 19, 20] or increase in total peripheral resistance [21] 
during cold exposure. The thermoregulation of a newcomer subject to a new climate is first 





Our hypothesis was that the longer-staying subjects in a temperate area have higher local cold 
tolerance ability. The founded results show the subject’s response seemed to show the effect 
of ‘duration of stay’ on CIVD response and long-time stay in a temperate area might improve 
local cold adjustment ability (insulative adaptation) and higher effect of duration of stayed 
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Human beings may be the most adaptive species with high survival ability. It is considered 
that the tropical (Bangladeshi) subjects have adapted to a hot environment since they were 
born in and are used to performing in a hot environment, so a cold environment might be 
difficult for them. It is also equivalent for temperate-climate people. It is well known that 
temperature regulation of the human body is influenced by climatic conditions. In temperate-
climate natives who reside in a tropical country for prolonged periods, readjustments are 
created in the thermoregulatory system [Jun-Sang Bae et. al. 2006]. Long-term heat 
acclimatization acquired in tropical subjects may degrade after immigration to a temperate 
area [Mohamed Saat et. al. 1999]. The human body is essentially adapted to a tropical rather 
than a colder climate. The tropical indigence vasomotor activity to cold stimuli would not be 
sufficiently developed to protect from severe cold and remain fully functional [Lee JY et al. 
2013]; the CIVD reaction is more pronounced for people born in cold areas [Daanen HA 
2003]. Generally, any person with high body fat has high cold tolerance because body fat 
works as a protective layer against cold temperature. Although the present study only 
measured the finger cold exposure tolerance not total body cold exposure, %body fat had no 
effect on this local cold exposure. As Bangladesh is a tropical (mainly summer) country, the 
Bangladeshis had lower local cold tolerance than the Japanese (temperate natives). The 
present results of the duration of stay in temperate area, displaying no relation to the CIVD 
parameters for the tropical indigenes (Bangladeshi), appear to support the previous findings 
[Lee JY et al. 2013]. The Japanese group (temperate) had higher tolerance to local cold 
exposure than the Bangladeshi group (tropical) evaluated by the CIVD test. After immersion, 
finger temperature recovery in the JP group was quicker than that in the BD group. Although 
Japanese subjects had low body fat, their local cold tolerance was higher than that of the 
Bangladeshi subjects. As the Japanese subjects grew up in temperate areas, they have 
acquired higher local cold tolerance than tropical indigenes.  
 
If the subject’s “duration of stay” (DS) is longer in a temperate area, then their cold 
adjustment ability might improve. The thermoregulation of a newcomer subject to a new 
climate is at first confused; after that, fine control is gained. In the present study, subject 1 
and 2’s CIVD reaction was first a very big CIVD wave and subject 3 and 4’s CIVD reaction 
showed fine control. It seems that subject had effect of ‘duration of stay’ and long time stay at 
temperate area might improve the local cold adjustment ability.  
 
	   82	  
As differences in linguistic dimensions across cultures may cause confusion when interpreting 
thermal perceptions measured by different languages [Lee JY et al. 2009], it is important to 
detect and quantify the characteristics of people’s thermal comfort in regions with different 
climatic conditions. Bangladesh has a mainly summer climate and for this reason people in 
this area have a low cold tolerance, and not comfort in cold temperatures. Respondents in this 
area felt that “Neutral” was the most comfortable thermal condition. On the other hand, Japan 
has a colder climate and for this reason people in this area have a low heat tolerance and 
consider summer in Japan to be intolerable. “Cool” was the thermal condition that 
respondents in this area felt was most comfortable. In Indonesia, the temperature is almost the 
same all over the year (average temperature is 27.8°C). This area’s respondents preferred 
“cool” as the thermal condition. Indonesian respondents had a similar hot sensation to BD 
respondents but different responses to cold weather; Indonesian respondents lack direct 
exposure to cold weather [Tochihara et al. 2012]. Japan has a temperate climate; Bangladesh 
has a North tropical climate and Indonesia a middle tropical climate. Their thermal sensations 
showed gradual variation by the adaptation level to heat and cold.   
 
Most of the Bangladeshi respondents chose ‘neutral’ temperature and most of the Japanese 
respondents chose ‘cool’ for the most comfortable weather. Most of the Bangladeshi 
respondents reported that they were sensitive in ‘cold temperature’ but most of the Japanese 
respondents reported that they were sensitive in ‘hot temperature’. It seems that the different 
ethnicities had a different choice for their thermal comfort level. Also the Japanese and 
Bangla languages are not from the same linguistic root. The present study hypothesized that 
the Bangladeshis would respond that ‘warm’ would be the most comfortable and that the 
Japanese would respond that ‘cool’ would be the most comfortable, which was confirmed for 
Japanese but for Bangladeshi ‘neutral’ was the most comfortable. The most comfortable 
thermal sensation for Bangladeshi and Japanese people was different. The Bangladeshi 
respondents were more sensitive to cold weather, whereas the Japanese were more sensitive to 
hot weather. For different language and cultural dimension of two countries peoples 
expression are different.    
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